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Objectives. I examined the association between urban sprawl and the risk for
being overweight or obese among US adults.

Methods. A measure of urban sprawl in metropolitan areas was derived from
the 2000 US Census; individual-level data were obtained from the Behavioral
Risk Factor Surveillance System. I used multilevel analysis to assess the associ-
ation between urban sprawl and obesity.

Results. After I controlled for gender, age, race/ethnicity, income, and educa-
tion, for each 1-point rise in the urban sprawl index (0–100 scale), the risk for being
overweight increased by 0.2% and the risk for being obese increased by 0.5%.

Conclusions. The current obesity epidemic has many causes, but there is an as-
sociation between urban sprawl and obesity. (Am J Public Health. 2004;94:
1574–1579)
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| Russ Lopez, MCRP, DSc

(e.g., greenhouse gas emissions and destruc-
tion of open space).15–18

Environmental factors also may contribute
to obesity. Environments rich in sources of
caloric food, poor street patterns, lack of
pedestrian amenities, difficult-to-access desti-
nations, and neighborhood perceptions all
have been hypothesized to contribute to de-
creasing physical activity and to promote the
development of obesity.19–23 The Centers for
Disease Control and Prevention (CDC) re-
leased a report that connected urban sprawl
and obesity.24 Others also have concluded
that urban sprawl contributes to obesity, but
they have not provided factual evidence to
support these claims.25,26 However, others
maintain that urban sprawl is not associated
with obesity and argue that affluence and
lower-population densities encourage physical
activity.27 I examined potential associations
between urban sprawl and the risk for being
overweight or obese to determine if urban
sprawl is a public health problem.

METHODS

This is a multilevel study, because it com-
bines individual-level variables with 1 higher-
level variable—urban sprawl—that is mea-
sured at the metropolitan level. Multilevel
analysis is an appropriate means for assessing
the association between individual- and com-
munity-level risk factors.28–30 I used data
from the 2000 Behavioral Risk Factor Sur-

veillance System (BRFSS). The BRFSS is an
annual telephone survey of adults, and there
were 184450 participants in 2000. The sur-
vey has more than 200 self-reported and cal-
culated variables and is a good source of in-
formation about the health status and habits
of the US population. Within each state,
blocks of 100 telephone numbers constitute a
primary sampling unit, and the goal is to in-
terview 3 households within each primary
sampling unit. The data are weighted on the
basis of the probability of the household’s
telephone number being selected and the
number of adults and telephones within the
household. The sample also is adjusted for
nonresponses and for households without
telephones. Finally, there is an adjustment to
ensure the sample contains representative
proportions of selected demographic charac-
teristics (gender, age, and race/ethnicity).31

The BRFSS excludes institutionalized per-
sons, and response rates vary by state (range
was 44%–95% in 1999). Data from the
2000 survey were obtained from the BRFSS
Web site.32 Respondents were assigned a
sprawl index value for their metropolitan
area on the basis of the metropolitan-area
identifier in the survey. Respondents who
lived in Puerto Rico (approximately 5% of
the total survey), who lived outside metro-
politan areas (approximately 30%), and who
lived in metropolitan areas not identified
(approximately 10%) were excluded from
this study.

Obesity is a health problem that rivals
smoking in importance. Obese persons have
an increased risk for diabetes,1 cardiovascu-
lar disease,2 cancer,3 and mortality.4,5 Obe-
sity and overweight rates are increasing rap-
idly in the United States.6,7 In 2000,
approximately 20.1% of the adult popula-
tion was obese and 36.7% was overweight.
Similarly, the current National Health and
Nutrition Examination Survey (1999–pres-
ent) found that the percentage of obese
adults increased from 22.9% between 1988
and 1994 to 30.5% between 1999 and
2000.8 Childhood obesity rates also in-
creased between 1988 to 1994 and 1999
to 2000 from 7.2% to 10.4% among chil-
dren aged 2 to 5 years.9 The southern
states were the first to have more than 20%
of their adult populations obese, and from
this center, higher rates of obese and over-
weight adults have spread to all areas of the
country.10,11 Many of the metropolitan areas
that have the highest levels of urban sprawl
are located in the South. This association
was 1 of the first links between levels of
urban sprawl and the risk for being obese
or overweight.

Urban sprawl is often loosely defined, and
complicating these definitions is confusion
among causes, consequences, and attributes
of urban sprawl. For this study, urban sprawl
was defined as an overall pattern of develop-
ment across a metropolitan area where large
percentages of the population live in lower-
density residential areas. The causes of urban
sprawl are not well identified but include af-
fluence that enables households to purchase
larger houses on larger lots, cultural values
that reject urban living and emphasize auto-
mobile use, inexpensive land values that sup-
port urban sprawl–dependent lifestyles, and
government policies that promote urban
sprawl.12–14 The consequences of urban
sprawl include increased reliance on automo-
bile transportation and decreased ability to
walk to destinations, decreased neighborhood
cohesion, and environmental degradation
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TABLE 1—Selected Sprawl Index Values:
US Census

Sprawl 
Metropolitan Area State Index

Atlanta Ga 80.65

Augusta-Aiken Ga 97.36

Boston–Worcester– Mass 55.84

Lawrence–Lowell–Brockton

Cedar Rapids Iowa 70.69

Cincinnati Ohio 61.64

Dallas Tex 44.34

Dothan Ala 100.00

Erie Pa 57.01

Fort Collins–Loveland Colo 51.77

Gainesville Fla 76.61

Green Bay Wis 65.88

Honolulu Hawaii 35.46

Jacksonville Fla 75.35

Lewiston–Auburn Me 70.40

Los Angeles Calif 10.61

Memphis Tenn 62.78

Monroe La 93.11

New York NY 6.72

Orlando Fla 64.34

Pittsburgh Pa 57.74

Raleigh–Durham–Chapel Hill NC 81.91

Rochester NY 65.02

Salt Lake City–Ogden Utah 34.80

Santa Rosa Calif 55.44

Sioux Falls SD 61.06

Tacoma Wash 61.06

Tyler Tex 86.32

West Palm Beach–Boca Raton Fla 46.86

Youngstown Ohio 77.05

Obesity
Obese or overweight status is usually deter-

mined by the body mass index (BMI) formula
(weight in kilograms divided by height in me-
ters squared); adults are considered over-
weight when their BMI is greater than 25
and obese when their BMI is greater than
30.33–34 BMI was calculated with respon-
dents’ self-reported heights and weights.

Urban Sprawl
Researchers at the Boston University School

of Public Health used the 2000 US Census to
develop an index that measured urban sprawl
on the basis of density and compactness. It is
important to note that sprawl is more than
density, although density is a central compo-
nent. Urban sprawl also is a function of how
density is distributed across a metropolitan
area. The federal Office of Management and
Budget produced geographic definitions of all
US metropolitan areas that consisted of 1 or
more central cities and their surrounding
counties. The US Bureau of the Census di-
vided the country into tracts of approximately
4000 persons; beginning in 1990, the bureau
used Geographic Information Systems to esti-
mate the land area of tracts, which enabled
the calculation of tract population densities.
Metropolitan areas usually contain rural land
that must be excluded to obtain the true pop-
ulation density and distribution. For example,
the Ft Lauderdale, Fla, metropolitan area is
coextensive with Broward County and in-
cludes uninhabited sections of the Everglades
that should be excluded from consideration as
part of the metropolitan area land base. The
sprawl index is defined as 

1) SIi =50((S%i – D%i ) + 1),

where SIi=sprawl index for metropolitan area,
S%i=percentage of total population in low-
density census tracts (>200 and <3500 per-
sons per square mile), and D%i=percentage
of the total population in high-density census
tracts (≥3500 persons per square mile).

The index is transformed to a 0 to 100
scale (adding 1 to raw values converts scores
to a 0–2 range, which is then multiplied by
50). Tracts were considered to be high den-
sity if they had a population density of 3500
or more persons per square mile and low

density if they were below that threshold
(3500 is the density at which people begin to
use nonautomobile modes of transportation,35

and it roughly divides the US metropolitan
population into 2 equal halves). Tracts were
considered rural and were excluded if the
population density was fewer than 200 per-
sons per square mile.

Sprawl index values were calculated for
330 metropolitan areas across the United
States on the basis of the 2000 Census data.
These areas had a mean sprawl index score of
68 (49 when weighted by population), which
ranged from 3.94 to 100.36 Other indexes of
sprawl have been developed; however, many
efforts to measure sprawl have relied on com-
plex field surveys of individual metropolitan
areas that (1) are too expensive to replicate na-
tionally and thus limit their coverage to a sub-
set of metropolitan areas,37 (2) have been
incompatible with other data sources,38 or
(3) have had methodological problems that re-
duce their utility for research.39 Sprawl has
been defined as a set of characteristics that in-
clude leapfrog-type development (development
that often skips tracts closer to already devel-
oped areas in favor of more distant parcels, re-
sulting in a pattern of developed land adjacent
to undeveloped land), low density, employ-
ment dispersion, ugly architecture and design,
automobile dependence, or other traits that are
not easily and objectively measurable.40 The
measure used in this study was based on ob-
jectively developed census data (derived from
published government data); it includes all
metropolitan areas in the United States and is
linear and normally distributed (Table 1).

Individual-Level Data
Several individual-level characteristics pre-

viously found to be related to the risk for
being obese or overweight were included in
this analysis: household income (<$10000,
$10000–$14999, $15000–$19999,
$20000–$24999, $25000–$34999,
$35000–$49999, $50000–$74999,
and ≥$75000), education (kindergarten or
never attended school, elementary education,
some high school, high school graduate or
GED, some college, or college graduate), and
age (18–24 years, 25–34 years, 35–44 years,
45–54 years, 55–64 years, and ≥65 years).
Dummy variables also associated with vary-

ing risks for being obese or overweight were
included: Hispanic ethnicity, Black race, and
female gender. For race/ethnicity, White race
was the comparison group; for gender, male
was the comparison group.

Analysis
Because the BRFSS uses a cluster sampling

design, data were analyzed with Stata soft-
ware, version 7.0 (Stata Corp, College Station,
Tex), that incorporates measures to account
for its sample design, weighting, and oversam-
pling of certain populations. Weighting was
used to avoid inaccurate point estimates of
effect; strata and primary-sampling-unit vari-
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TABLE 2—Number and Percentage of
Overweight Individuals: Behavioral Risk
Factor Surveillance System, 2000

Overweight, Obese,
Number % %

Total Sample 104 084 35.29 19.10

Race/ethnicity

Black 10 596 36.37 28.44

Hispanic 13 198 36.01 23.23

White 77 137 35.30 17.66

Gender

Male 50 241 44.66 20.19

Female 53 843 26.55 18.09

TABLE 3—Individual Variable Relative Risk for Overweight and Obesity: Behavioral Risk
Factor Surveillance System, 2000

Relative Risk (95% CI)

Overweight Obese

Black (vs White) 1.41 (1.3, 1.53) 2.15 (1.98, 2.34)

Hispanic (vs White) 1.27 (1.16, 1.39) 1.56 (1.40, 1.74)

Female (vs male) 0.41 (.39, .43) 0.62 (.58, .65)

Age 1.01 (1.010, 1.013) 1.01 (1.010, 1.0135)

Income (per change in income category) 0.998 (.997, .998) 0.995 (.994, .996)

Education (per change in education category) 0.92 (.903, .943) 0.79 (.762, .804)

Sprawl index value (per 1-point change in index) 1.0007 (.9995, 1.0017) 1.0032 (1.002, 1.004)

Note. CI = confidence interval.

ables were incorporated into the analysis to
obtain more accurate confidence intervals.
Descriptive statistics were calculated first.
Next, univariate logistic regression and multi-
nomial logistic regression that used all inde-
pendent variables (Taylor series methodology
for both) analyzed the association between
urban sprawl and being obese or over-
weight. The dependent variable was the re-
spondent’s calculated overweight or obese
status, and the primary independent variable
of interest was the sprawl index value of
each respondent’s metropolitan area of resi-
dence. Control variables were age, race/
ethnicity, household income, and education,
factors previously found to be associated
with an increased risk for obesity.41

RESULTS

The final sample comprised 104084 re-
spondents, and similar to the BRFSS data, a
large percentage of the sample was either
overweight (35.3%) or obese (19.8%). Blacks,
Hispanics, and males were more likely to be
overweight or obese than the sample as a
whole, and females were less likely to be
overweight or obese (Table 2). In the univari-
ate regression, where an individual’s calcu-
lated obesity and overweight status were the
dependent variables, individual-level charac-
teristics previously found to be associated
with increased risk for being obese or over-
weight also were associated with obesity and
overweight status. Respondents who were
Hispanic, Black, male, older, or had less

household income or less education (age, in-
come, and education were analyzed as contin-
uous variables) were all more likely to be
overweight or obese. When compared indi-
vidually without controls for other explana-
tory variables, the association between urban
sprawl and the risk for being overweight was
small; however, the sprawl index was associ-
ated with an increased risk for being obese
(Table 3).

When all control variables (sprawl index,
female gender, Hispanic ethnicity, Black race,
income, education, and age) were used in the
multinomial logistic regression, the control
variables again behaved as predicted: men,
Hispanics, Blacks, low-income persons, less-
educated persons, and older persons were all
at increased risk for being both overweight
and obese. In the adjusted analysis, the

sprawl index score was associated with both
increased risk for being overweight (0.2% for
each 1-point increase in the sprawl index)
and increased risk for being obese (0.5% for
each 1-point increase in the sprawl index).
The risk was greater for being obese than for
being overweight (Table 4).

DISCUSSION

Urban sprawl was associated with an in-
creased risk for being overweight or obese
when individual variables were controlled.
While the level of effect of a 1-point change
in the sprawl index is small, the cumulative
effects may be large because of the range of
potential sprawl index values.

These findings should be interpreted with
caution. While the BRFSS may generally be

TABLE 4—Full-Model Relative Risk for Overweight and Obesity: Behavioral Risk Factor
Surveillance System, 2000

Relative Risk (95% CI)

Overweight Obese

Sprawl index value (per 1-point change in index) 1.002 (1.0006, 1.003) 1.005 (1.004, 1.006)

Female (vs male) 0.387 (.368, .405) 0.573 (.54, .61)

Hispanic (vs White) 1.436 (1.302, 1.584) 1.734 (1.55, 1.94)

Black (vs White) 1.618 (1.484, 1.764) 2.398 (2.20, 2.62)

Income (per change in income category) 0.997 (.996, .998) 0.994 (.993, .995)

Education (per change in education category) 0.946 (.924, .968) 0.826 (.80, .85)

Age 1.016 (1.01, 1.017) 1.016 (1.013, 1.017)

Note. CI =Confidence interval.
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reliable, the validity of self-reported height
and weight has been questioned because re-
spondents tend to overreport height and un-
derreport weight.42,43 At least 1 study has
found that reporting errors significantly af-
fected obesity estimates.44 Because of the
multiple risk factors for obesity, applying this
study’s relative increased risk to individuals
should be approached cautiously. However, if
Atlanta (sprawl index=80.65) had the same
level of sprawl as Boston (sprawl index=
46.57), this model predicts that the risk for
obesity in Atlanta adults would be reduced
by approximately 17% after the demographic
factors outlined in this study are controlled.
There are no metropolitan estimates of obe-
sity prevalence, but the CDC used the BRFSS
to estimate statewide prevalence rates. In
2000, the CDC found the adult obesity prev-
alence rate in Georgia was 20.9%, which was
approximately 27% higher than the Massa-
chusetts adult obesity prevalence rate of
16.4%. These rates are not adjusted for de-
mographic differences between the 2 states.45

This is a cross-sectional study. It may take
years or decades to become overweight or
obese, but the BRFSS only records the place
of current residence. To the extent that re-
spondents may move from metropolitan area
to metropolitan area, and these areas have
differing levels of urban sprawl, respondents’
current place of residence may not reflect life-
time exposure to urban sprawl. Also, urban-
sprawl levels have changed over time in indi-
vidual metropolitan areas, although these
changes have usually been modest. However,
because most people do not change metropol-
itan areas or have lived in their current met-
ropolitan area for a long period of time, and
because urban sprawl levels are stable,46 the
current metropolitan-area urban-sprawl level
may be an appropriate reflection of their ex-
posure to urban sprawl. A longitudinal analy-
sis of people’s lifetime exposure to urban sprawl
would clarify this issue.

While this semi-individual study analyzed
individual- and metropolitan-level data to-
gether, the findings may still be an artifact of
ecological bias. There are no data to reflect
how urban sprawl may vary across a metro-
politan area, or how urban sprawl may affect
people differently. Another issue is that Blacks
are more likely to live in the inner city47,48 yet

have higher rates of obesity and overweight
status. This may mean that urban sprawl af-
fects different people differently or that the
effects of urban sprawl are limited to some
groups. A related issue is that metropolitan
areas are not homogenous but differ from
inner city to older suburb to outer suburb.
Urban sprawl may affect people living, work-
ing, or both in these different areas differ-
ently. A limitation of this study is that it did
not control for this variety of neighborhood
characteristics.

This study only includes noninstitutional-
ized metropolitan-dwelling US adults who
lived in households with telephones and may
not be generalizable to the entire adult popu-
lation or to children. However, in 2000, 80%
of the US population lived in metropolitan
areas and 95% of households had tele-
phones.49 The exclusion of persons who lived
outside metropolitan areas and those whose
metropolitan area could not be determined
could have affected the findings, but the obe-
sity and overweight prevalence rates for the
total sample were similar to the BRFSS data
(Table 2). Similar studies that involve children
would be appropriate because of the increas-
ing rate of childhood obesity.

The causal association between urban
sprawl and being obese or overweight could
be in the reverse direction than is hypothe-
sized here. People who are already over-
weight or obese may choose to move to met-
ropolitan areas with greater levels of urban
sprawl because they may find it easier to
avoid walking or for other unknown reasons;
however, there is no reason to believe this is
the case.

Association is not equivalent to causation,
although these findings are 1 piece of evi-
dence of a link between urban sprawl and
obesity. Perhaps urban sprawl affects the
propensity to walk, bike, or be otherwise
physically active. People in high-sprawled
areas may drive more. It has been hypothe-
sized that urban form may influence the mix-
ture of transportation modes used by a popu-
lation. The pattern of streets in a neighborhood
may affect how people use their cars and
their propensity to walk.50,51 In an unpub-
lished study by the author, metropolitan areas
that had higher levels of urban sprawl had
higher per capita vehicle miles traveled daily

even after other factors, such as income, size
of metropolitan area, and location in the
southern United States, were controlled. A re-
port by Smart Growth America used a subset
of the same data and found a similar associa-
tion between urban sprawl and driving.52

This suggests 1 potential pathway of causality
between urban sprawl and disease status:
urban sprawl → increased automobile use →
decreased physical activity → obesity →
increased cardiovascular disease, diabetes,
and other health problems.

Because there are multiple dimensions of
urban sprawl and multiple ways of measuring
it, the association between urban sprawl and
the risk for obesity may vary by metric or
characteristic. For example, the measure used
in this study is based on the distribution of
density. An urban-sprawl measure that is
based on street connectivity—the degree to
which blocks are small and walking between
locations is possible—may demonstrate a dif-
ferent (or nonexistent) association. This analy-
sis assumed a linear relationship between
urban sprawl and risk for obesity, but this
association might not be linear. Alternative
associations, such as the possibility that urban-
sprawl effects level off at very high and very
low levels of urban sprawl, were not assessed.

Urban sprawl may reduce the amount of
time available for physical activity because
parks or fitness facilities are more distant. It
also may affect diets by increasing distance to
supermarkets or it may increase the cost of
nutritious food by causing the conversion of
farmland to urban uses.53 The mechanisms of
how urban sprawl might ultimately result in
increased obesity need to be studied.

The causes of obesity are complex and in-
volve diet, physical activity, and other factors.
Foods high in fats or simple sugars, lifestyles
that promote automobile use over walking,
and perhaps yet unknown factors most likely
interact to make people overweight or obese.
This study did not address other important
issues, such as the availability of fast food or
how food insecurity may affect risk for being
obese. Although some individual-level demo-
graphic characteristics were included in this
analysis, other important factors, such as in-
dividual driving patterns, were not. The ef-
fects of these other factors might well be
more important to the development of obe-
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sity than urban sprawl is. Because urban
sprawl might be an additional risk factor for
obesity does not mean that attention to these
causes of obesity should be ignored. It may
be that urban sprawl interacts with other
obesity risk factors.

CONCLUSIONS

This cross-sectional study found that
higher levels of urban sprawl were associ-
ated with an increased risk for being over-
weight or obese among adults. If the associa-
tion between urban sprawl and risk for
being obese suggested by the results of this
study is real, then urban sprawl may be con-
tributing to a significant public health prob-
lem. Obesity takes a tremendous toll on peo-
ple’s health, and it costs the US economy
billions of dollars. Because of the magnitude
of these problems, the association between
urban sprawl and risk for being obese war-
rants further attention.
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